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Description 



[O001J The present Invention rotates to an optical re- 
generator suitable for U8s with optical timo division mul- 
tiplexed (OTDM) signals carried on an optical network 
, 9 8, 9 na ' 8 ™ v b * for example, optical packets or a 
circuit switched data stream. 
[0002] In order to use fully the bandwidth available on 
optical communications networks, ft Is desirable to 
transmit time division multiplexed signals at a very high 
bit rate of tens or hundreds of Gbits per second. How- 
ever, the very short duration pulses making up euch sig- 
nals soon suffer degradation In shape, timing and sig- 
nel-to-nolse ratio resulting, for example, from noise In 
optical amplifiers, dispersion in tho optical transmission 
medium and/or from the effects of processing at nodes 
traversed by mo packet. Therefore, If the extent of the 
optical network Is not to be undesirably limited, It Is nee- 
essary to use an optical regenerator to restore the timing 
and shape of the pulse train making up the optical sig- 
nals. Ideally, the regenerator will function as a "3R- re 
genoretor, that is it will re-ampllfy, re-time and re-shape 
tho pulses. Examples of suitable optical regenerators 
are described In Lucek J end Smith K. Optics Letters 
18, 1228-28 (1993), and In Phillips IO r Ellis A O. Ttiiele 
H J, Manning R J and Kelly A E, Electronics Letters 34 
2340-2342 (1998). The use of such techniques makes 
It possible to maintain the Integrity of the optical data 
signals as they pass through a very large number of 
nodes. For example, Thiele H J, Ellis A D and Phillips 
ID, Electronics Lottere, 35, 230-231 (1999) describe 
cascadod 40 Gbltrs 3R data regeneration in a recircu- 
lating loop. With a regenerator spacing of 100 km, tho 
error-free transmission distance In the loop is extended 
by en order of magnitude, from 200 km to greater than 
2000 km. Regenerators made from semiconductor non- 
linoaroptical devices, retherthan fibre non-linear optical 
devices, are preferred because they are compact, sta- 
ble, easily Integrated, and operate at relatively low pulse 
energy. 

[O00SJ Typically, an optical regenerator comprises an 
optical gate having a first optical Input that receives an 
optical clock signal at the data line rate, and a second 
optical input, theconxrol Input that receives tho data sig- 
nal that Is to be regenerated. Typically the gate, which 
Inciudos a non linear optical eloment, changes to a 
trensmisslve state when a binary digit T occurs In the 
optical control signal that (s applied, and reverts to the 
onglnal non-transmleslve state after a certain fixed time 
known as the gate window. The state of the gate Is un- 
changed If a binary digit XT occurs in the optical control 
signal. The state of the non-linear element then deter- 
mines whether a given pulse in the optical clock train at 
tho Input to the gate is passed on to the output from the 
gate m this way, the bit pattern in the Input data stream 
is Imposed on the optical clock train and output to rorm 
a regenerated optical data stream. However, while ex- 
periments reported In Keliy AEet al. Electronics Letters 



(in press, July 1999) have shown that semiconductor- 
based all-optical regenerators can function at bit rates 
as high as eOGbllfc It has been found that they are un- 
able to perform satisfactorily at still higher bit rates 
since then In general the bit period Is very much less 
than the recovery time of the optical gate, so that the 
regenerated signals contain patterning effects which 
iead to bit errors. 

[00041 Cotter, D and Ellis, A E., Journal of Lightwave 
° 2? n °'° 9y ' Vo ' 18 ' No - 12 - December 1998, pages 
2068 ; 2080 "Asynchronous Digital Optical Regeneration 
end Networks", describe a quad-gate asynchronous op- 
tical burst regenorator for an asynchronous digital pho- 
tonic network in which the incoming signal data bits con- 
trol the operation of ell of the gates of the regenerator 
simultaneously, and In which the output from a local 
clock applies relative delays to the Inputs of each of the 
four gates. 

[0005] Accordlng'toaflrstaspectofthepresentinven- 
Hon, there. Is provided an optical regenerator compris- 
ing; a data division stage arranged to receive an incom- 
ing optical dare stream having a bit rate; and a regener- 
ation stage, the optical regenerator being characterised 
over me above Cottor and Ellis reference by the data 
division stage being arranged to divide tho Incoming op- 
tical data stream into a plurality of further optical data 
streams each having a lower bit rate than the bit rate of 
the Incoming date stream and the regeneration stage 
Includlnga plurality of optical gate means oach arranged 
30 do receive a respective one of the further data streams 
at Its control input and to receive at another input an 
optical dock stream at the frequency of the bit rate of 
trie further data streams or a multiple thereof wherein 
theoutputs of thegate means areconnectcd In common 
35 to an optical output of the regenerator and are arranged 
to provide a bit-Interleaved regenerated optical data 
stream at the said output. 

[0006] The present Invention provides an all-optical 
generator that is able to function at far higher brt rates 
40 man «te«ng designs. For example, using current tech- 
nologies, an all-optical regenerator functioning at 
iSGGbltfe can be constructed. The present inventors 
have realised that although the functioning of an optical 
regenerator Is limited by the recovery time of the optical 
45 9*te. the Impact of that recovery time Is different for a 
regular clock signal, as opposed to a signal comprising 
a random data sequence. Accordingly, a gate that may 
bo able to function effectively as a regenerator for data 
signals only up to 80Gbrt/s can nonetheless function as 
so a demultiplexer for data signals at twice that bit rate. The 
regenerator of the present Invention takes advantage of 
this difference to provide a system capable of operating 
at far higher bit rates. This is achieved by first dividing 
down the higher bit rate data stream Into a number of 
» parallel data streams at a lower bit rate and then apply- 
mg these different divided dam streams at the lower bit 
rate as control signals to a number of gates, each of 
which is receiving a clock signal at the frequency of the 
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lower bit rate or a multiple thereof at In input Then when 
the outputs of the different gates are Interleaved the re- 
™ 8 r * 9enerated at the higher bit rate 

[00071 Preferably the data division stage composes a 
plurality of gate means each arranged to receive the da- 
ta stream at a respective driving Input and a clock 
stream at the frequency of the lower bit rate at a respec- 
ts control input and delay means arranged to Impose 
a drfferent respective delay on the dock signal at the 
frequency of the lower bit rate relative to the higher bit 
ratedeta signal for each of the respective gate means, 
[□owjj The ell-opHcal regenerator may be arranged to 
function in a bit-synchronous network, In which case It 
may receive clock signals from local clock sources that 
are synchronised to a bit-level clock. In such a system 
each of the gate means may comprise a single optical 
pate, tor example using a TOAD (teraHortz optical 
asymmetrical domuttipiexer) structure. 
[0009] Alternatively, the optical regenerator may be 
used In a network which functions asynchronously el the 
bIMevel In this case, the optical regenerator may Incor- 
porate the regenerator structures described and 
claimed in the present applicants co-pending applica- 
tion, with publication number WOg9/S5038. m this case 
each of the gate means in the regeneration stage may 
comprise an array of optical gates, and delay means ar- 
ranged id Impose a different respective delay in the 
clock stream relative to the data stream at each of the 
array of optical gates, and an optical switch connected 
to the outputs of ail of the array of optical gates, and 
arranged selectively to output the optical data stream 
from one of the gates of the array. Alternatively, as de- 
scribed In our co-pending application, a single gate 
means may be used In conjunction with means to shift 
the phase of the incoming packet tomalch that of a local 
free-running optical dock source. 
[0010] According to a second aspect of the present 
Invention, there ia provided e method of regenerating an 
optical data signal comprising: (a) dividing an incoming 
optical data signal at a bit rate Into a plurality of further 
data streams each having a lower bit raie than the bit 
rate of the Incoming optical signal; 

(b) gating under the control of the plurality of fur- 
ther data streams a clock signal at the frequency of the 
lower bit rate or a multiple thereof; and 

(c) interleaving the optical signals produced by 
step <b) thereby creating a re-generated optical signal 
at the bit rate of the incoming optical date signal. 
[001 1] Systems embodying the present invention will 
now be described in further detail by way of example 
only, with reference to the accompanying drawings in 
which: J 



'n the regenerating stage of an asynchronoua opti- 
cal regenerator embodying the Invention. 



Figure 1 Is a schematic of en optical regenerator 
embodying the Invention; 

Figure 2 la a diagram showing an optical gate suit- 
able for use In the regenerator In Figure 1 ; 
Figure 3 Is a diagram showing a gate array for use 



P012] An optical regenerator comprises an optical 
data division stage 1 and an optical regeneration stage 
2. An optical time division multiplexed (OTDM) data 
stream at a high bit rate, in this example iflOGblt/s is 
received at an optical input 3 of the data division stage 

i e 1 i^l datB fllream8 81 a ,0W9r bit r * e ' h **am- 
" pie aOGblVa are passed from optical outputs 4a 4b of 

the data division stage 1 into the optical regeneration 
stage 2. The data streams are used to gate an optical 
clock signal at the frequency of the lower bit rate or a 
multiple thereof, in this example 80 GHz, so as to pro- 
duce at the optical output 6 of the regeneration stage 2 
a regenorated high bft-rate optical date stream 
[0013] In a regenerator for use with asynchronous da- 
ta stream, the data division and regeneration stages ro~ 
quire in total 2n optical gates whore n is the ratio be- 
» tween the bit rate of the optical data stream and the low- 
er bit rate of the divided data streams Input to the regen- 
eration stage 2 in the present example, n*2 and there 
are two optical gates in the division stage 1 and a further 
two optical gates In the regeneration etege 2. As shown 
26 * n F, e ,ure 1 . e «*i of mo two gates in the division stage 
1 te connected In common to the optical Input 3 and is 
dnven by the laQGblVs optical pulse stream. An optical 
clock signal at the lower bit rate of 80GHz is applied to 
each of the optical gates 6, 7. An optical delay B is m- 
eluded botween the optical feeds to the gates 6, 7 The 
magnitude of the optical delay is said to be equal to the 
separation between successive bits In the optical data 
stream at the Input 3 As a result, the two optical gates 
6, 7 each pass every other bit of tne Input data stream 
* with, for example, gate 8 passing the optical pulses in 
bit positions 0, 2, 4 ... and the other gate 7 passing the 
optical pulses in bit positions 1 , 3, 5.. The resulting di- 
vided data streams at the lower bit rote are passed to 
the optical outputs 4a, 4b of the data division stage 1 
40 ,n th0 ^generation stage 2, a further pair of optical gates 
9, 10 are driven by the 80GHz optical clock signal A 
respective one of the divided data signals Is applied as 
a control slgnai to each of the gates 9, 10. An optical 
delay 11 Is Included In the output from one of the gates 
9, 10 and Is arranged to Impose e relative delay between 
the outputs of the gates 9, 10 that is complementary to 
the delay Imposed In the data division stage 1 . The out- 
puts of the gates 9, 10 are then combined by an optical 
coupler 12. In this way. the two lower bit rate date 
so streams are modulated onto the higher bit rate clock and 
interleaved to produce an output signal at 1 eOGbit/s that 
Is regenerated In shape, amplitude and timing, that Is it 
has undergone 3R regeneration 
[0014] Figure 2 shows one possible construction for 
» an optical gate for use In the circuit of Figure 1 . In this 
case, me gate uses a TOAD configuration. A fibre loop 
mirror 21 includes a non linear element 22 which may 
be, for example, an optical semiconductor amplifier. The 
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non-linear element 22 Is offeot wlrh respect to The centre 
or the loop mrrror. The duration of the switching window 
is determined by the extent of the offset A gating control 
signal Is applied to the loop via an optical coupler 23 
[001 5J Fibre loop mirrors in which the fibre Itself acta s 
as the non-Ilnear element are described, for example 
In Whlnaker et al, Optical Letters, vol. 16. p ag a 1840 
(1991). The use of non-1 fnearfties in semiconductor op- 
tical amplifiers as an u Itrafast gating device la described 
for example, by Kang et al In the International Joumai 10 
of High Speed Electronics and Systems, vol. 7. page 
125 (1996). A 8 an ellematlve to the use of a sarnlcon- 
duaor optical amplifier In a loop configuration as shown 
In Figure 2, an optical gate may use a pair of amplifiers 
In a Mach-Zehnder Interferometer configuration. Anoth- rs 
er uttrafast optical gate le the ultrafest non-llnear Inter- 
ferometer switch described by Hall and Rauschenbach 
(Paper BOS, Proceedings of Conference on Optical Fi- 
bre Communications (O FC 98) Optical Society of Amer- 
ica, February 1 99B), it fe crtaraciertsnc of all these de- 20 
vices, that they suffer significant speed limitations as a 
result of the recovery time of the non linear clement 
when the gate Is driven by an Irregular data signal. How- 
ever, they can function at considerably higher data rates 
when driven by a regular clock signal. 23 
[0016] To generato the clock signals at and the fre- 
quency of the lower bit rate, a clock recovery circuit may 
be used to derive a clock signal In synchronism with the 
Incoming data bits and this clock signal may be used to 
synchronise a local pulse source running at 8OGH2. For so 
example, the clock recovery circuit may comprise a pas- 
sive pulse replication network that replicates a marker 
pulse to produce a regular pulse pattern . 
[0017] In an alternative embodiment, the optical re- 
generator is arranged to handle Incoming optical pack- ss 
ets that aro asynchronous at the bit-level. In this case 
each of the single optical gates 9, 1 0 in the regenerative 
stage of Figure 1 Is replaced by en array of gates. One 
such array Is shown In Figure 3. The array comprises 
four optical gates 31. 32, 33, 34. Each of rho gates Is « 
driven by the teOGbflto data stream. Different relative 
delays of a fraction of a bit period aro Included In the 
Input paths for the driving signals. This delay has a value 
of 0 for the Input 10 the first optical gate 31 n/4 for the 
second optical gate 32, n/2 for the third optical gate 33 43 
and 3te/4 for tho final optical gate 34. The outputs from 
the four optical gates are passed to a 4;i optical switch 
which selects the date stream from one of the gates to 
be passed to the respective optical output 4a, 4b. The 
appropriately synchronised output may be selected, for so 
example, by tapping off a fraction of tho output from the 
switch C and measuring, for example using a photo de- 
tector, tho optical energy In the data signal each of the 
different gates Is selected. When the phase error be- 
tween the clock signal and driving data signal Is mini- sa 
mlsed, then the corresponding gate output will give a 
peek In the energy function, Eiocrronlc control logic may 
be used to generate an electronic control signal for the 



4:1 switch The lower switching rates of electronic con- 
trol logic Is not a limiting factor, since the selection of an 
optical output from the gate array only needs to be re- 
peated at the packet rate. In such systems handling bit 
asynchronous optical packets, the optical clock signals 
may be derived from free-running optical pu Ise sources 
A suitable source comprises an electronic microwave 
oscillator driving an electrically synchronised laser, such 
as a gem-switched laser or an actively mode-rocked la- 
ser. Alternative, a continuously free^nnlng optical 
pulse source such as a passively mode-locked laser 
may be used. In general, an asynchronous optical re- 
generator will require 6 n gates, where n is the ratio be- 
tween the higher bit rate and the lower bit rate. 
[001B] Figure 4 ahows, by way of example, an optical 
network in which a node Includes a bit-asynchronous 
regenerator embodying the Invention. Packets arrive at 
the node referenced 8 from a number of sources, each 
of which have Independent, uncorrected docks By 
suitable adjustment of the transmitted power at the 
source, the power levels In any optical amplifiers used 
In the link, and also the power levels at any synchronoua 
regenerators used In the link, tho bits in (he packets er- 
nvlng at the input of a routing node may conveniently 
have an Intensity at an appropriately-defined standard 
'digital' level (e.g. of the correct intensity to perform com- 
plete switching in tho optical gate or gatos used In tho 
bit-asynchronous packet rogeneretor AR In tho switch- 
ing node). The inputs to the switching nodes wHl, in gen- 
eral, be bit-asynchronous. Each input to a routing node 
may pass through a bit-asynchronous packet regener- 
ator AR, constructed as described above. As Is shown 
schematically In Figure 4 a node, such as that refer- 
enced node B, mey combine an add/drop function for 
local traffic as well as regenerating packets for onward 
transmission. 



Claims 

1 • An optical regenerator comprising: 

(a) a data division stage (i) arranged to receive 
an Incoming optical data stream having a bit 
rate; and 

(b) a regeneration stage (2), the optical regen- 
erator being characterised by: 

the data division stago (1) being arranged to 
divide the incoming optical data stream Into a plu- 
rality of further optical data streams each having a 
lower bit rate than the bit rate of the Incoming data 
stream and tho regeneration stage (2) including a 
plurality of optical gate means (9,10) each arranged 
to receive a respective one of the further data 
streams at its control input and to receive et another 
Input an optical dock stream at the frequency of the 
bit rate of rhe further data streams or a multiple 
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thereof, whoreln the outputs of the gate means are 
connected in common to an optical output (6) of the 
regenerator and ana arranged to provide a blt-lnter- 
leaved regenerated optical data stream at the said 
output (5). 5 

2. A regenerator according to Claim 1 , In which the da- 
ta division stage (2) Indudea: 

a plurality of optical gate moans (9, 1 0) each ar- 10 
ranged to receive the incoming data stream at 
e respective data Input and to receive at a re- 
spective control Input an optical clock stream 
at the frequency of the bit rate of the further data 
streams; and rJ 
delay means arranged to impose a different re- 
spective delay (11) on the said optical clocK 
stream relative to the Incoming date signaf for 
each of the respective gate means 

3. A regenerator according to claims 1 or 2, In which 
the regenerator is arranged to regenerate a re- 
ceived bit-asynchronous optical packet, and in 
which each of the gate means (0,10) of the regen- 
eration stage includes: 

an array of optical gates (31 ,34); 
means for imposing different respective delays 
between the clock signal and the date signal ai 
each of the gates making up the array; and so 
switch moans for selecting an optical output 
from one of the gates in the array depending on 
the bit-level phase of the received optical pack- 
et. 

36 

4. A method of regenerating an optical data signal In- 
cluding the steps of: 

(a) dividing an incoming optical data signal at a 
bit rate Into a plurality of further data streams *o 
each having a lower bit rate than the bit rate of 
the Incoming optical signal; 
(o) gating under the control of the plura/ity of 
further data streams a clock signal at the fre- 
quency of the lower bit rate or a multiple there- *s 



of; and 

(c) interleaving the optical signal produced by 
step (b) thereby creating a ro-generated optical 
signal at the bit rate of the incoming optical data 
signal. 

S. A method according to claim 4. In which the step of 
dividing the optical data signal includes: 

applying the optical data signal to a respective 
Input of each of a plurality of gate means; 
applying to a respective conrrol Input of each of 
the plurality of gate means en opHca/ dock 



stream at the frequency of the bit rate of the 
further signals or a multiple thereof; and 
Imposing a different respective delay relative to 
the higher bit raie data signaf on each of the 
said optical dock streams. 

A method according to claim 4 or 6, In which the 
step of gatfng the clock signal Includes: 

applying each of the said data streams to an 
array of optical gates (31-34); imposing differ- 
ent respective delays between the clock signal 
and the data signal at each of the gates making 
up an array; and 

selecting an optical ouiput from one of the plu- 
rality of gates In each array depending on the 
bit-level phase of a received bit-esynchronoue 
optical data signal. 

A node for connection In an optical network and In- 
cluding a regenerator according to any one of 
claims 1 to 3. 

B. A node as claimed In claim 7, further Including an 
adoVdrop function for local traffic of the network. 

9. An optical network Indudlng a node according to 
claims 7 or B 

10. A regenerator arranged to Implement a method of 
regenerating an optical data signal according to 
claim 4. the regenerator Including: 

(a) means to divide an Incoming optical data 
signal at a bit rate Into a plurality of further data 
streams each having a lower bit rate than the 
bit rate of the Incoming optical signal; 

(b) means to gate under the control of the plu- 
rality of further data streams a clock signal at 
the frequency of the lower bit rate or a multiple 
thereof; and 

(c) means to Interleave the optlcel signals pro- 
duced by means (b) thereby creating a re-gen- 
erated optical signal at the bit rate of the incom- 
ing optical data signal. 



so 



33 



11. A regsnerator as claimed In any one of claims 1 to 
3, or 10, In which the Incoming optical data stream 
has a bit rate of 1 60 Gblta-V 

12. A method as claimed In any one of clalma 4 to 6, in 
which the Incoming optical data stream has a'blt 
rate of 160 Gblts' 1 . 

13. A node as claimed In clalma 7 or 8, in which the 
Incoming optical data stream has a bit rate of 160 
Gblts-' 
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14. A network as claimed In claim 8, in which the Incom- 
ing optical data atream has a bit rata of 1 60 Gbits 1 . 



PatentanaprUcha 

1 • Optfscher Rcgonerator mlt: 

(a) olnor Dexenaufteilungaelufe (1), die dazu 
elngertchtet i«t. elnen ankommenden optl- 
schen Datonstnom mit einer BItrale zu empfan- 
gen; und 

(b) elnor Regenerationaatufe (2), 

wobal dor optische Regenerator dadurch B ekenn~ 
zelehnot I at, daa« 

die Datonauftcllungaslute (1) dazu elngenehtet rat, 
dan ankommenden optlschen Datenatrom In meh- 
rone welfare optische Datenstrome auf zuiellen, von 
donen jeder eine geringore Bitrate ale die Bitrate 
dea ankommenden Datenetroma autwelat, und dio 
Regenerate rtaetufe (2) manna re optieche Durch- 
lasselnrlchwngen (9, 10) omhMt, die dazu elnge- 
rtchtet elnd. elnen jewelligen dar welteren Daten- 
etroma an Ihram Stouaralngang zu ompfangen und 
an efnem anderon Elngang elnon Strom von optl- 
schen Takteicnaien mit dar Bltrato der welteren Da- 
tenstrome odcr elnem VlelTBchon davon zu empfen- 
gen. wobal die AuagAnga dor Ourchlaeeelnrfchtung 
gemelnsem an elnen optlschen Ausgang (5) dea 
Regenerators angeschlossen elnd, und dazu etn- 
gerlchtet slnd, elnen blt-verachechterten regene- 
rlerten optischen Datonstrom an dem Ausgang (5) 
bereltzustellen. 

!. Regenerator nach Anspruch 1 , bol dem die Daten- 
auflellungsstufe (2) folgendoa amhfitt: 

mehrere optieche Durchleeaefnrichtungen (9, 
10), die Jade dazu eingcrlchiet slnd, don an- 
kommendan Datenstrom an elnem Jeweiiigen 
Datenelngang und an olnem Jewelligen Steuor- 
olngang ofnen Strom von optlschen Takteigna- 
len mlt der Fnequenz der Bftrata der welteren 
Daienetrome zu empfangen; und 

elna Verz6gerungsolnrlchrung, die dazu elnge- 
nehtet 1st, eine verechiedene Jeweiligo Verzd- 
gerung (11) bezOgllch dea ankommonden Da- 
tenslgnals fur |edc der jewelligen Durcblasseln- 
rlchtungen in den Strom von optlschen laktsl- 
gnalen elnzubrlngen. 
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Regenerator nach Anspruch 1 Oder 2, wooel der 
Regenerator dazu oJngerichtet let, eln empfange- 
nes blt-asynchrones optlschea Paketzu regenerle- 
ren, und bei dem jedo der Durchlassolnnchtungen 



88 



(9. 10) der Regenorartonsstufe folgendea omhftlt: 
aln Fold optlscher Durchgango (31-34); 

eine Elnrlchtung zum Einbrtngen verechlede- 
ner jewelligcr Verzdgerungen zwischen dem 
Taktsignal und dem Oatenslgnal an jedam der 
Durchgflnge. die daa Feld bilden; und 

eine Scheitelnrlchtung zum AuswfthJen elnes 
optischen Ausgangsslgnals aus eincm der 
Durchgflnge In dem Feld <n Abhdnglgkalt der 
Phase auf Blt-Ebene dee ampfangenen optl- 
schen Paketes. 

I. verfahren zum Regenerleren olnes optlschen Da- 
tenslgnals, daa die folgenden Schrltie umfaast: 

(a) Auftollen ernes ankommenden optlschen 
Datenslgnals mlt olner Bitrate In mehrora wei- 
tera Oatonstromo, die Jeder eine geringere Bi- 
trate als die Bttnate dea ankommenden optl- 
schen Signala haben; 

(b) Durchlaseen oinea Taktslgnals mlt der Fre- 
quenz der gerlngeren Bitrate oder elnem viel- 
fachan davon unter der Steuenjng der men re- 
ran welteren Datensiromo; und 

(c) Verschechteln der optlechen Signale, die 
von dem Schrftt (b) erzeugt wurden, wodurch 
eln regenerlenea Signal mft der Bitraie des an- 
kommenden optlechen Datenslgnals erzeugt 
wlrd. 

. Verfahren nach Anspruch 4, bei dem der Schrltt der 
Aufieltung des optlschen Datenslgnals folgendea 
emhfllt: 

Antegen des optlschen Datenslgnals an einen 
jewelligen Elngang von Jeder von mehreren 
Durch lassei n richtungen; 

Anlegen eines Stroms von optischen Taktsl- 
gnalen mil der Fraquenz der Bitrate der welte- 
ren Signale odereinem Vlelfachen davon an el- 
nen jewelligen Steuerelngang von Jedor der 
mehreren Durchlassolnrlchtungen; und 

Elnbringen elnor verschiedenen joweiljgen Ver- 
z6gerung bezuglich dem Datensignal mlt hoher 
Brrrate In Jeden der von optlschen Taktslgnalen 

Verfahron nach Anspruch 4 Oder 6, bei dem der 
Sennit dos Durehlassens des Taktslgnals folgendes 
umfasst: 

Anlegen der Datenstrflme an eln Feld von op- 
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tlschen Durchgflngen (31-34); 

Elnbrlngen wsrschledoner Joweltiger Verzoge- 
rungon zwlschen dem Taktslgnal und dem Da- 
tensfgnal an jedom der Ourchgange, die ofn 
Feld Widen, und 

Auswahlen elnes optlscnen Ausgangslgnafs 
aue einem der mehreren Durchgfinge In jedem 
Fold In Abrtangigkelt der Phase auf Bit-Ebene 
eines ompfangenen bjt-asynchronen optischen 
Oatenslgnals. 

Verblndungsknoten in olnem optischen Netzwerk, 
der elnen Regenerator nach elnem der AnsprOcho 
1 bis 3 enthfllt 



14. Netzwerk nach Anspruch g, bel dem der enkom- 
monde optlsche Oatonstrom elne Bltrate von 160 
GBIts- 1 hat. 



to 
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8. Knoten nach Anspruch 7, der welter cine HinzufQ- 
gervWeglaasen-Funktlon fGr den [okalen Verkehr 
auf dem Netzwerk enthftli w 

fl. Optlsches Netzwert mit elnem Knoten nach An- 
spruch 7 odor 6. 

10. Regenerator, dor dazu elngenchtet ist, eta Verfah- *s 
ren zur Regeneration elnes optlachon Datonslgnaia 
nach Anspruch 4 zu Implementleren, wobel der Re- 
generator folgendes enthalt: 

(a) elne Einrlchlung zum Aufteilon elnes an- 30 
kommonden optischen Datenslgnais mir elner 
Bltrate In mohrere woltere Datenetr6me. von 
denon Jeder e<ne gerlngere Bltrate a is d/e arre- 
ts des ankommenden optischen Signals hat; 

33 

(b) elne Elnnchtung zum Durchlassen elnes 
Takislgnals mlt dor Frequcnz der gortngercn Bl- 2. 
trete oder elnem Vlelfachen davon umer der 
Steuerung der mehreron weteren Datenstrd- 
me; und 40 

(c) elne Einrichiung zum Verechachteln der op- 
tlschen Slgnale, die von dor Elnnchrung (b) er- 
zeugt wurden, wodurch ein regenerienes opfl- 
sches Signal mlt der Bfrrate des ankommenden <5 
optischen Datensignals erzcugt wird. 

11. Regenerator nach elnem der AnsprOcho 1 bis 3 
oder 1 0, bel dem der ankommende optlsche Oaten- 
strom elne Bltrate von 1 60 Gbrts i hat so 



12. Verfahron nach olnem der AnsprOche 4 bis 6, bel 
dem der ankommende optlsche Datenstrom elne 
BJtrate von 160 Golfs ' hat. 

13. Knoten nach Anspruch 7 oder B, bel dem der an- 
kommende optlsche Datenatrom elne Bltrate von 
160 GBfer' hat. 



3. 
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1 , Rogenerateur optlque component : 

(a) un emgo de division do donnees (1) agenco 
pour recevoir un flu* de donnees optiquos en- 
trant presemant un rythma blnaire, et 

(b) un etage de regeneration (2), 

le rcgeneratour optlque etant caracterM on 
cm que : 

I'etage do division de donnees (1) eet agenco 
pourdlvfser le flux de donnees opflques entrant 
en une ptumlfte ©"autres flux do donnees optl- 
ques eyant checun un rythme blnaire Inferieur 
au rythme blnaire du flux do donnees entrant et 
I'etage de regeneration (2) comprend une plu- 
rality de moyons de porres opflques (9, 10), 
chacune ctant agoncee pour recevoir un flux 
respectlf parml les autras flux de donnees a son 
entree de commande ot pour recevoir a uno 
autre entree un flux d'honoge optlque a la fre- 
quence du rythme binalre des autres flux do 
donnees ou a un multiple decelul-cl, ou les sor- 
ties dee moysns de portes sont redoes en com- 
mun a une sortie optlque (6) du regenerates, 
et sont agencees pour procurer un flux de don- 
nees optiques rcgenerees a bits entrefacea a 
ladrte sortie (6). 

Regenerates scion la rcvendlcation 1, dans lequel 
I'otege de dMslon de donnees (2) comprend : 

une plurafile de moyens de portes optiques (9, 
10) agencee chBcun pour recevoir lo flux do 
donnees entrant a une entree de donnees res-, 
pectlve et pour recevoir a uno entree de com- 
mando respective un flux cPhorlogc optiquo a la 
frequence du rythme blnaire des autres riux de 
donnees, et 

un moyen a retard agonce pour appllquer un 
retard respectlf different (11 ) aur lodlt flux <Thor- 
loge optlque par rapport au signal de donnees 
entrant pour chacun des moyens de portes rea- 
pectlfs. 

Reg6nerateuraclon les rovondicatlons 1 ou 2, dans 
lequel le regdnerateur est agonce pour regenerer 
un paquot optlque a bits asynchronos recu, et dans 
lequel checun des moyens de portes (9, 1 0) de I'eta- 
ge de regeneration comprend : 
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5. 



un roaeau de portes opUquos (31 a 34), 
un moyen destine a appflquer dos retards res- 
pectlfs dlfMrente entre le signal d'horloge et le 
signal de donnees a chacuno dee portes cons- 
tituent le reseau, et 

un moyen de commutation destine a selection- 
nor une sortie optique a partlr do I'une dos por- 
ted du reeeau aulvam la phase du niveau blnal- 
re du paquet optlque recu. 

Procede de regeneration tfun signal de donnees 
optlques comprenanr les etapos consistent a : 

(a) dlviser un signal do donnees optiques en- 
trant a un n/fhme blnalre en une plurallte 
d'autres flux de donnees presenter* chacun un 
rythme blnalre Inferlour au rythme blnalre du si- 
gnal optique entrant, 

(b) solectlonner, sous la commende de la plu- 
rallte d'autres flux de donnees un signal d'hor- 
loge a la frequence du rythme binaire Infeneur 
ou a un multiple deceiul-cl, et 

(c) enirelacer lee signaux optlquee produils par 
J'etepe (b) en creent alnsl un signal optique re 
gencre eu rythme Wnalro du signal de donnees 
optlquea entrant. 

Procede selon la revendfcation 4, dans lequel I'ota- 
pe de division du signal de donnees optlques 
comprend : 

I'appllcatlon d*un signal de donnees optlques a 
una entree respective de cheque moyen cfune 
plurallte de rnoyons de portes, 
appjlquer a une entree de commando respec- 
tive decheque moyen dc la plunjlito de rnoyons 
do pones un flux d'hortoge optique a la frequen- 
ce du rythme blnalre dee autreo signaux ou a 
un multiple de celul-ci, et 
appllquor un retard reepectlf different per rap- 
port au signal de donnees a rythme blnalre plus 
eleve sur chacun deedrts flux d'horloge optl- 
quea. 



10 



15 



20 



36 



40 



7. Noeud destine a une connexion dans un reseau op- 
tique at comprenant un regenerateur 6elon I'une 
quelconque dcs revendlcatlons 1 A 3. 

ft. Noeud selon la revendlcatlon 7, comprenant en 
outre une fonction d'additlon/obandon pour un tre/ic 
local du reseau, 

fi. Reseau optique comprenant un noeud selon lea re- 
vondlcations 7 ou 8 

10. Regenerateur agonce pour menre en oauvre un 
procede do regeneration d un signal de donnees 
optlques selon la revendlcatlon 4, le regenerateur 
comprenant ; 

(a) un moyen destine a d/vlser un signal de don- 
nees optlques entrant a un rythme binaire en 
une plurallte d'autres flux de donnees presen- 
tant chacun un rythme blneJre Infertour au ryth- 
me binaire du signal optique entrant, 

(b) un moyen destine a solectlonner sous la 
commands de la plurallte d'autres nux da don- 
nees un signal d'horloge a ia frequence du ryth- 
me blnalre Inferieur ou a un multiple do celul- 
cl, et 

(c) un moyen destine a entrolecer los signaux 
oprjques produrts par le moyen (b) en cream 
alnsl un signal optique regenerd eu rythme bl- 
nalre du signal de donnees optlques entrant. 

11. Regenerates selon Tune quelconque dee rovendi- 
cations 1 a 3 ou 10, dans lequel la flux de donnees 
optlquee entrant presonte un rythme blnalre de 1 60 
Gbfts-V 

12. Procede selon I'une quelconque des revindications 
4 a 6. dans lequel ie flux de donnees optlques en- 
trant presente un rythme binaire de 160 Gbits -i. 



13. 



Noeud selon les revendlcatlons 7 ou 8, dans lequel 
le flux de donnees optlquee entrant presento un 
rythme blnalro de 1 60 Gbrtr * . 



Procode* selon la revendlcatlon 4 ou 5, dans lequel 
I'etape de selection du signal d'horloge comprend : 

I'appllcatlon de chacun desdlts flux de donnfcos 
a un reseau de pones optiques (31 a 34), I'ap- 
pllcatlon de dlfferents rexards respectlfs entre 
le signal d'horloge et le signal de donnees a 
chacuno des portes constltuant un reseau, et 
la selection d une sortie optique a panir d'une 
porto de la plurallte de portes dans cheque re- 
seau sulvant la phase dc niveau blnalre d'un 
signal de donnees optlques a bits asynchrones 
recu. 



*5 



60 



14. Reseau selon la revendfcation 9, dans lequel le flux 
de donnees optlques entrant presente un rythme bl- 
nalre de 160 Gblts-1. 



e 
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